1. Peritubular capillary microperfusion was used to examine the effects of protein-free and hyperoncotic homologous plasma on fluid reabsorption by proximal convoluted tubules in the hydropenic rat. 3H-labelled p-aminohippurate was added to perfusates for the purpose of estimating the extent to which tubules under study were bathed by the perfusates. [ ''CJMannitol was added to perfusates in order to detect contamination of collected tubular fluid by perfusates.
IIltrOdUCtiOn
During the past decade a large body of evidence has been accumulated in support of the concept that reabsorption of sodium and water by renal tubules is coupled in a causal and direct manner to absorptive (Starling) forces operating across peritubular capillary walls (Brenner, Falchuk, Keimowitz & Berliner, 1969;  Lewy 8c Windhager, 1968; Martino 8c Earley, 1967 ; Martino & Earley, 1968) . According to this view changes in 'physical factors' determining peritubular capillary absorption lead to similar changes in tubular reabsorption of sodium, water and other electrolytes. Thus decreases in plasma protein concentrations (Weinman, Kashgarian & Hayslett, 1971) or increases in peritubular capillary hydrostatic pressure (Koch, Aynedjian & Bank, 1968) , changes that retard fluid absorption by capillaries, would be expected to decrease the rate of tubular reabsorption and lead to natriuresis. Increases in plasma protein or decreases in peritubular capillary hydrostatic pressure would increase capillary absorption and lead to increased tubular reabsorption and decreased excretion of sodium. Much of the earlier evidence supporting this concept was based on clearance studies and the tubular sites involved in reabsorptive changes secondary to changing 'physical factors' could only be inferred (Earley, Martino & Fnedler, 1966) . More recently micro-techniques have been applied both in vitro and in vivo to study the effects of peritubular protein concentration on reabsorptive rates by the proximal tubule, the tubular segment that is known to undergo large changes in reabsorption in response to such manoeuvres as expansion of the extracellular fluid volume (Cortney, 
J. D . Conger, E. Bartoli and L. E. Earley
Mylle, Lassiter & Gottschalk, 1965; Dirks, Cirksena & Berliner, 1965) .
Using the technique of perfusing segments of proximal tubules in vitro, Imai & Kokko (1972) and Grantham, Qualizza & Welling (1972) observed a direct relationship between the rate of fluid transfer out of the tubular segments and the concentration of protein in the surrounding bathing media. However, Horster, Burg & Orloff (1973) , using similar techniques, found no effect on proximal tubular transport when protein was eliminated from the bathing medium. The effect of plasma oncotic pressure on proximal tubular reabsorption has been studied in vivo by the technique of perfusing peritubular capillaries and simultaneously measuring reabsorptive rates in adjacent tubules. Such studies by Spitzer & Windhager (1970) , and provided evidence for a direct relation between the rate of proximal tubular reabsorption and theoncotic pressure of fluid perfusing the peritubular capillary circulation. However, similar studies employing capillary perfusion in viuo, by Rumrich & Ullrich (1968) , Lowitz, Stumpe & Ochwadt (1969) and Holzgreve & Schrier (1975a) , failed to demonstrate an effect of oncotic pressure on proximal tubular reabsorption. The reasons for these conflicting results are not clear. However, a number of uncontrolled variables could be involved, such as failure to eliminate small total osmotic gradients between intraluminal and peritubular fluids, the use of heterologous protein to establish oncotic gradients, uncontrolled or unknown peritubular perfusion rates and instability of tubular function independent of the experimental manoeuvres. Nevertheless, when all of the evidence is considered, both from clearance and micropuncture studies, there has been widespread agreement that capillary absorptive forces do exert a controlling influence on the rate of net reabsorption by proximal tubules.
In the experiments to be reported here, the techniques of perfusion of peritubular capillaries in vivo were employed together with collection and recollection of fluid from adjacent proximal tubules. These studies were undertaken originally for the purpose of studying certain tubular phenomena which may be associated with induced changes in net reabsorption; perfusion of peritubular capillaries with solutions of widely various protein concentration was selected as a method expected to produce localized changes in proximal tubular reabsorption.
However, it was found early in the course of these studies that no effect on tubular reabsorption of protein concentration in capillary perfusates was being detected. Therefore the experiments were redesigned to study this phenomenon per se and several variables not considered in previous similar studies were controlled. We were unable to detect an effect of protein concentration in peritubular perfusates on the rate of proximal tubular reabsorption.
Materials and methods

Animals and perfusion
Male Sprague-Dawley rats weighing 250-300 g wereanaesthetized with Inactin (Promonta, Hamburg, West Germany) (100 mg/kg intraperitoneally) and placed on an operating table maintained at 37°C. A tracheostomy was performed and polyethylene catheters were inserted into the right external jugular vein and femoral artery. A maintenance infusion of inulin was given through the jugular catheter at 2 ml/h to maintain theconcentration in plasma between 50 and 100 mg/l00 ml. The femoral artery catheter was attached to a manometer for recording blood pressure. Both ureters were exposed through a left flank incision and catheterized. The left kidney was dissected free of surrounding connective tissue and placed in a Lucite cup fixed to the surgical table. The surface of the kidney was bathed with mineral oil warmed to 37°C.
The solutions used to perfuse the peritubular capillary circulation were prepared from 30 ml of pooled plasma harvested from male rats of the same strain and litter as those used for micropuncture experiments. The plasma was suction-filtered in a gas-autoclaved Amicon ultrafiltration cell (Amicon Corp., Lexington, Mass., U.S.A.) through a UM-30 Diaflo membrane until 60% of the original volume had passed through the filter into a sterile syringe. The protein-free ultrafiltrate and the hyperoncotic filtrand were transferred to separate graduated steriletubes. Aportion(lOpI/ml) ofasolutionof FCD Green no. 3 (3.3 g/100 ml) (Keystone Aniline and Chemical Co., Chicago, Ill., U.S.A.) wasadded to the perfusion solutions as a colouring agent. This agent had previously been found to have no effect on shortcircuit current across a toad bladder preparation in vitro (I. S . Edelman, personal communication). Aliquots weretakenfordeterminationoftotal protein, sodium and potassium concentrations. p-[ 3H]Aminohippuric acid (New England Nuclear Corp., Boston, Mass., U.S.A.) was added to give a final concentration of 2.4 x mol/l and 3-5 c.p.m./nl. ['"CIMannitol (New England Nuclear Corp.) was added to concentrations of 2-3 c.p.m./nl and 2 x lo-" mol/l. Small sterile catheters were placed in the prepared perfusing solutions with the free ends taped to the outside of the tubes. Mineral oil (2 ml) was layered over the surface and a mixture of O2 and COz (95: 5, v/v) was bubbled through the solutions for 30 min. Samples were taken through the catheters for determinations of pH, Pcoz and bicarbonate concentration. Aliquots of both the protein-free and hyperoncotic solutions were then aspirated into sterile plastic syringes used to fill the perfusion system. The stability of the perfusion solutions was tested by storing them at 4°C and taking samples for pH, Pco2, HC0,-and bacterial culture. It was found that the modified sterile technique was necessary to prevent a daily fall of approximately 0.2 pH unit with a proportionate increase in Pco2 and decrease in HCOa-concentration associated with positive bacterial cultures.
The perfusion system consisted of a micropipette (10-14 pm o.diam.) fitted into a thick-walled polyethylene tube which had been passed through the barrel of a pipette holder attached to a micromanipulator. The perfusion solution was injected through the free end of the tubing, which was attached to an oil-filled syringe (Hamilton, 250 ~1). The syringe was secured in a metal stantion and the barrel driven by a flexible shaft from a constantdrive d.c. motor as previously described (Buentig & Earley, 1971) . The compliance of the perfusion system was tested by perfusing into an oil-filled 1 pl capillary lined about the opening with latex. The opposite end of the capillary was attached to a water manometer. The flow rate from the perfusion pipette was found to be constant over a range 0-30 cm water pressure. 
ControZ studies
By the modified Landis technique (Gottschalk & Mylle, 1956) , hydrostatic pressure measurements were made in efferent arterioles or first-order capillaries, third-and fourth-order capillaries and adjacent proximal tubules before and during perfusion at various rates. Hydrostatic pressure could not be studied during actual perfusion experiments because of the necessity of interrupting perfusate flow during the measurement.
A second series of experiments was performed to obtain evidence that the proximal tubules under study were metabolically capable of transport function. The ability to secrete p-aminohippurate from the capillary perfusate into proximal tubules was investigated as a measure of this function. Capillary perfusion was performed as described above with the protein-free perfusate while timed collections forp-[ 3H]aminohippurate and inulin were taken from late and early proximal tubular loops of the same nephron within the perfused zone. The distances between early and late sites were not equal nor could their positions along the entire length of the proximal tubule necessarily be standardized. However, evidence for secretion between the early and late sites was derived from the concentration ratio TF")pAH/PfpAH when factored for the Another study was designed to demonstrate that, properly constituted, the peritubular capillary perfusate was itself capable of altering proximal tubular reabsorption. In these experiments acetazolamide was added to the protein-free perfusate (0.4 mmol/l) and the same sequence of control and experimental collections was followed. In addition, collections of tubular fluid were obtained from late proximal convolutions outside of the perfused zone during the acetazolamide studies, and collections of urine for sodium excretion were made before and after each perfusion with acetazolamide.
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Analytical methods
Urine samples for p-[ 3H]aminohippurate were counted in a liquid-scintillation counter (mark 11, Nuclear-Chicago) as described by Bartoli & Earley (1971) . Determinations of inulin, sodium, potassium and total protein in urine, plasma or perfusates were performed as previously described for this laboratory (Earley & Friedler, 1965) . Bicarbonate, pH and Pco2 were determined with an Instrumentations Laboratory blood-gas analyser. The concentration of inulin in tubular fluid was measured by the microtechnique of Vurek & Pegram (1966) in another counting vial. Both samples were then counted for radioactivity. No significant differences between counts of the two samples were found.
Calculations
Tubular fluid (TF) to plasma (P) concentration ratios for inulin (TF/Pinuiln) were calculated from respective chemical determinations. Nephron filtration rate (NFR) was calculated from the TF/PI..ll. ratio and the volume of tubular fluid (V) collected per unit time:
The absolute rate of proximal tubular reabsorption (JJ was determined as NFR minus V. Individual tubule extractions of p-[3H]aminohippuric acid (EpAiiT) and [14C]mannitol (E,,,,nnl,olT) were calculated as the per cent of the total radioactivity that appeared in the collected tubular fluid.
Data are expressed as mean values f 1 SD unless otherwise stated; analysis of significance was carried out with the paired t-test.
Results
Composition of perfusion solutions
The compositions of the three perfusion solutions are shown in Table 1 . The mean protein concentrations of the protein-free and acetazolamidecontaining perfusates were 0.05 f 0.02 and 0.06 k 0.03 g/l00 mi respectively; that of the hyperoncotic perfusate was 13.1 f O . 4 0 g/100 ml. The values of sodium, potassium, bicarbonate, pH and Pco2 were not different among the three groups of perfusates.
Hydrostatic pressures
Hydrostatic pressures over a wide range of capillary perfusion rates are shown in Fig. 1 . It can be seen that there is an increase in pressures in the larger vessels, a smaller but progressive rise in small capillary pressures and little perceptible change in adjacent tubular pressures. In all but one instance, small capillary pressures remained less than adjacent tubular pressures but these values tended to approach one another at perfusion rates in uitro of 1300 nl/min. Therefore perfusion rates used in the actual experiments (see below) should have increased hydrostatic puncturesites and that thesegment of proximal tubule up to the late puncture site was being bathed by the perfusate. Fig. 2 shows the tubular fluid to perfusate ratios of p-[ 'Hlaminohippurate (TF/PfpAH) plotted against the corresponding TF/PfnuIIn value at early and late sites of the proximal tubule within the perfused zone. As can be seen, the absolute amount of p-aminohippurate within the tubular lumen increased in all experiments between the two collection sites. These data provide evidence that the perfused tubules were transporting p-aminohippurate between the two 
Secretion of p-aminohippurate
Perfusion characteristics during experimental studies
In Table 2 are shown the data pertaining to perfusion rates, the extractions ofp-aminohippurate and mannitol and the tubular fluid to perfusate ratios for sodium and potassium concentrations found during protein-free, hyperoncotic and acetazolamide perfusions. In the fist column are shown the mean perfusion rates for the three solutions as measured by delivery of the perfusion apparatus in uirro immediately after each experiment. There were no significant differences among the three values, with an overall mean of 921 + 320 nl/min. A qualitative estimate of perfusion rate in viuo about the nephron under study was made from the perfusion rate in uitro and the extractions of p-[3HH]aminohippurate by the proximal tubule and whole kidney. These values ranged from 130 to 83 nl/min, indicating that additional nephrons also were being perfused, as has been shown by Holzgreve & Schrier (1975b) . It was directly observed that the perfusion procedure was associated with blanching of an area approaching 1 mm2 on the surface of the kidney which encompassed the nephron under study plus several loops of tubules other than the one being punctured. The extraction of mannitol by tubules under study was 0.07 + 0.03 for all perfusions, indicating that direct contamination of collected tubular fluid by the capillary perfusate was negligible. The average extraction from the perfusate ofp-aminohippurate by the tubule was fifty-eight times that of mannitol. As indicated in Table 2 , there was a slight but systematic difference in the tubular fluid to perfusate ratios for sodium concentration during the protein-free and hyperoncotic perfusions. These differences represented a mean gradient of 3.6 mmol/l (tubular fluidrperfusate) during the former and 4.2 mmol/l (perfusate >tubular fluid) during the latter. Despite these small gradients of sodium concentration there were no changes in tubular reabsorption during capillary perfusion that could be attributed to either an inhibitory effect or an augmenting effect of the gradient of electrolyte concentration.
Protein-free perfusion
A total of thirty-two studies were carried out in seventeen rats with the protein-free perfusate. The mean values of nephron filtration rate, TF/Pinulin and J, for pre-perfusion and post-perfusion control collections and for collections during perfusion are shown in were NFR 30.4 f 8.2 and 29.0 k 9.6 nl/min, TF/PlnulI, flow was replaced by a capillary perfusate with 2.17 f0.45 and 2.13 f0.57, and J, 15.7 f4-8 and essentially a zero protein concentration. This finding 146k6.1 nllmin. Paired pre-and post-control was obtained in the presence of stable nephron results were also not different. Thus these data filtration rate. The data for the protein-free perfuindicate that there was no effect upon proximal sions are shown in Fig. 3 , expressed as mean valuesf tubular reabsorption when normal peritubular blood SEM.
FIG. 3. Relation between nephron filtration rates, TF/Plnulln
ratios and absolute reabsorption rates for collections from late proximal tubules during normal capillary blood flow (control, left panels), during capillary perfusion with proteinfree solution (centre panels) and after return of normal blood flow to the capillary bed (control, right panels). Results are shown as mean value+ 1 SEM for thirty-two perfusion studies.
Hyperoncotic perfusion
The results of twenty-two perfusions in nine rats are shown in Table 4 . Collections before, during and after perfusion were obtained eleven times, preperfusion control collections were not obtained five times and post-perfusion control collections were not obtained six times. Values for nephron filtration rate for pre-control collections and collections during perfusion revealed no difference by paired analysis (28.6 f 15.6 vs. 27.7 k 18.9 nl/min). TF/P,..Il. and J, also were unchanged during capillary perfusion (2.50 k0.53 vs. 2.60 f0.68 and 16.8 f 9 . 9 vs. 16.5 k 12.1 nl/min respectively). Similarly, no differences in these measurements were found during the postperfusion collections: NFR values were 27.7 +_ 19.6 and 27.2 f 14.6 nl/min ; TF/Pl.ulln 2.58 k 0.76 and 2.54f0.63 and J, 16.6k12.5 and 16.0f8.9 nl/min respectively. No differences in the measurements were found when the pre-and post-perfusion collections were compared. The results of these studies were similar to those of the protein-free perfusions in that there was no measurable effect upon proximal tubular reabsorption and nephron filtration rate when normal post-glomerular blood flow was replaced with the hyperoncotic perfusate. Fig. 4 summarizes the data of the hyperoncotic perfusion studies, showing mean values f SEM during control and experimental periods.
Acetazolamide perfusions
These studies were carried out twelve times in four rats. The results are shown in Table 5 . Collections before, during and after capillary perfusion were all obtained in nine studies; in the remaining three experiments control collections were obtained before perfusion only. Nephron filtration rate, TF/PInUII. and J, for pre-perfusion collections were: 35.1 f7.7 nlimin, 2.21 f 0.37 and 18.9 f 5.7 nl/min respectively. During perfusion the corresponding value of nephron filtration rate was unchanged at 34.0 f 9.0 nl/min, but the TF/Plnulln fell to 1.59 k0.34 (P<O.001), and J, was reduced to 12.1 k 6.0 nl/min (P < 0.001). This represented a 36% decline in absolute reabsorption without a corresponding change in nephron filtration rate. However, after capillary perfusion nephron filtration rate fell to 27.4f4.4 nl/min, which was significantly less than values before and during perfusion (P < 0.025). Both TF/PInUII.and J, remained at values similar to those during capillary perfusion, suggesting that the depressed reabsorption associated with acetazolamide continued into the post-perfusion period. These results are illustrated as mean values k SEM in Fig. 5 . Eight series of collections were made from late convolutions of proximal tubules outside of the perfused zones in these same animals in order to exclude the possibility that theeffect ofacetazolamide perfusion on reabsorption was due to systemic circulation of the drug. In these collections nephron filtration rate before, during and after perfusion of the distant capillary circulation averaged 35.2 k 8.4, 34.6 f 5.3 and 34.2 f 8.7 nl/min respectively. The corresponding values for TF/P,n.,ln were 2.69 f0.43, 2.61 50.47 and 2.57 f0.57. J, averaged 22.1 k7.2, 21.3 f8.9 and 20.9 f9.4 nl/min. None of the values during perfusion was significantly different from those before or after perfusion. Urine sodium excretions from the left kidney before and after each acetazolamide perfusion were not different at 
Discussion
In the experiments reported here the protein concentration in peritubular capillaries was varied intentionally over a wide range without measurably affecting the rate of fluid reabsorption by adjacent proximal tubules. During the control collections when normal capillary blood flow was present, a reasonable estimate of the existing peritubular capillary oncotic pressure would be approximately 45 mmHg, based on a reflection coefficient of 1.0 for plasma protein, an assumed arterial plasma protein concentration of 6.5 g/100 ml and a filtration fraction of 0.35 for hydropenic rats. When the oncotic pressures of the hyperoncotic and protein-free perfusion solutions used in this study are similarly calculated their respective values are 87 and 1 mmHg respectively. Thus the calculated oncotic pressure in the perfusates was increased or decreased from control values by approximately 40 mmHg without producing detectable changes in the rate of proximal tubular reabsorption. Quantitatively these calculated changes in oncotic pressure would be at or beyond the extreme limits that have been measured in experimental circumstances in rats, for which proximal reabsorption has b n reported to change as much as 40% (Falchuk, Brenner, Tadokoro & Berliner, 1971 ). The results of these studies in no way discount the existence of Ludwig-Starling forces acting across capillary endothelia to effect reabsorption from the interstitial environment. It is obvious that the capillary oncotic pressure has to remove reabsorbed material from the interstitium primarily and, no doubt, secondarily from the basal labyrinth. If this were not the case, the kidney would either expand and burst through its capsule or resistance to blood flow would preclude filtration or any other kidney function. Our concern was with the ability of intracapillary oncotic forces to move fluid out of the proximal tubular lumen. Under any conceivable physiological circumstance the direction of physical forces would favour capillary removal of reabsorbed material, but do they govern the amount of such material that gets out of the tubule?
The study of Green, Windhager & Giebisch (1974) points up this very important distinction. In their study no effect of capillary oncotic pressure on reabsorption was found when an 'equilibrium' solution was placed in the tubule. Thus no direct effect of protein to remove fluid from within the tubular lumen was observed. We were interested in the factors modulating the amount of reabsorbed material presented to the outside of the tubular epithelium, assuming that what reached outside had to be taken up by the ever-present capillary oncotic forces. We found that, even when we created a 'filtering capillary' by perfusing fluid with a nearzero oncotic pressure, fluid continued to be removed from the tubular lumen at the same rate so long as nephron filtration rate was constant. We recognize this experimental circumstance as unphysiological and very probably reabsorbed material and perfusate were both accumulating in the interstitium. Given a k i t e interval longer than that of our experimental protocol it is theoretically possible that the resultant increase in interstitial pressure would have collapsed the tubule we were studying. However, the results of our study indicate that the tubular epithelium continued to remove fluid from its lumen even when capillary oncotic pressure was removed. Under physiological conditions capillary oncotic pressure should always be directionally and quantitatively sufficient to remove the range of reabsorbed material placed in the compartment where that force has influence (i.e. the interstitium and basal labyrinth).
These findings of no effect of peritubular capillary protein concentration upon proximal tubular reabsorption are at variance with certain previous reports (BreMer et al., 1971 ; Spitzer & Windhager, 1970) , but are in agreement with some others (Bank, Aynedjian & Wada, 1972; Holzgreve & Schrier, 1975a; Lowitz et ul., 1969; Rumrich & Ullrich, 1968) . Such discrepancies are disturbing and the reasons for the differences are not apparent. It seems likely that the differences that exist among such studies, including the present one, would best be explained by methodological and technical differences. For this reason an effort was made either to measure or to control a number of variables inherent in the microperfusion technique in order to provide an experimental setting that closely resembled the normal physiological state. Rat plasma made either protein-free or hyperoncotic was used as the capillary perfusion solution. From a physiological point of view this was considered preferable to the use of artificial perfusates with various concentrations of either bovine albumin or dextran that have been used in similar experiments by others Holzgreve & Schrier, 1975a; Lowitz et al., 1969; Rumrich & Ullrich, 1968; Spitzer & Windhager, 1970) . It is possible that plasma contains metabolic factors which act at the peritubular border to maintain normal levels of proximal tubular reabsorption. Support for such a possibility is found in studies Burg & Orloff, 1968) which show that a progressive fall in tubular reabsorption occurs when the lumen of the proximal tubule is perfused with an artificial perfusate and that this fall does not occur when the perfusate is an ultrafiltrate of plasma. Although homologous plasma is not an identical replacement for peritubular capillary blood, it is likely to be a more physiological substitute than artificial solutions.
Another modification employed in the present study wasanattempt toestimate, at least qualitatively, in an independent manner that the perfusate was having a physiological effect on the proximal tubule being studied. This determination was made by adding p-[ 3H]aminohippurate to the capillary perfusate and then measuring the amount of the substance contained in the collected tubular fluid. The results indicated that p-aminohippurate contained in collected tubular fluid was the result of secretion by the tubular segment under study and not a result of direct contamination by the perfusate. When early and late sites along the same proximal tubular segment were sampled the content of p-aminohippurate relative to that of inulin increased as much as eight- Assuming that the reabsorption of both substances is minimal, direct contamination should result in a concentration ratio of p-[3H]aminohippurate to [14C]mannitol (relative to the ratio of the respective concentrations in the perfusate) of unity. However, this concentration ratio was, on the average, greater than 50. Thus it is very likely that p-aminohippurate was being secreted by the proximal tubular segments under study and the use of this method for determining that the peritubular perfusate was bathing a functional tubule that was behaving in a physiologically appropriate way seems reasonable. Grantham, Irwin, Qualizza, Tucker & Whittier (1973) have reported that when hippuric acid is present in the medium bathing isolated proximal tubular segments the rate of volume transport out of the tubular lumen is slowed. The objection could be raised, then, that in the present study the presence of p-aminohippurate in the perfusates may have suppressed proximal tubular reabsorption in such a way as to over-ride the changes that otherwise would occur in response to changes in protein concentration in the peritubular perfusate. This seems unlikely for several reasons. First, the bath concentration of p-aminohippurate (1 mmol/l) that inhibited reabsorption in the studies of Grantham et al. (1973) was two orders of magnitude greater than that (0.01 mmol/l) in the perfusates used in the present study. Secondly, the concentration of p-aminohippurate in the present study was similar to that employed systemically in previous studies in the rat in which large decreases in proximal tubular reabsorption occurred in response to saline infusion (Daugharty, Ueki, Nicholas & Brenner, 1972) , a manoeuvre thought to depress reabsorption, at least in part, as a result of a fall in plasma protein concentration . Thirdly, the fractional and absolute rates of reabsorption at late proximal tubular puncture sites in the present study were similar to those observed in experiments in which p-aminohippurate was not employed (Bartoli, Conger & Earley, 1973) . Finally, if the p-aminohippurate were depressing reabsorption it should have enhanced the effect of the hypooncotic perfusion, which was not the case.
The results of hydrostatic pressure measurements in vascular structures and proximal tubules during perfusion are similar to those reported by Brenner, Troy & Daugharty (1972) in that pressures recorded in the tubules varied little while those in larger capillaries tended to rise (by a few cm water) over the range of perfusion rates used in both studies. It is unlikely that the hydrostatic pressure gradient imposed from capillary to tubular lumen during perfusion constitutes a significant hydraulic driving force compared with the magnitude of the differences in oncotic pressure employed. Moreover, the hydrostatic pressure differences measured (capillary > tubule lumen) would favour depression of reabsorption and therefore not compete with the expected effect of the protein-free perfusates.
Another factor that has received little or no comment in previous studies is the possible influence on reabsorption of small differences in electrolyte concentrations between tubular fluid and perfusion solutions. A difference in the concentration of sodium of 5 mmol/l between tubular fluid and perfusate would provide the equivalent of a driving force of 102 mmHg, assuming a reflection coefficient of 0.6 for sodium salts across the proximal tubule. Thus, theoretically in experiments of this type, relatively small gradients of electrolyte concentration, if imposed in the proper direction, could either offset or enhance the theoretical effects of relatively large changes in protein concentration in perfusates. Such an effect was recently evaluated by Holzgreve & Schrier (1975b) by comparing osmolalities of perfusates and tubular fluid. They found a positive effect on reabsorption if the perfusate osmolality was greater than that of tubular fluid. In the present studies no correlation existed between measurable differences in perfusate and plasma sodium concentrations, and on the average the differences that did exist were in the direction of augmenting the expected effects of the different perfusates on the rate of tubular reabsorption. We did not measure the respective total osmolalities of the perfusates and tubular fluid. Thus the difference between our observation and that of Holzgreve & Schrier (1975b) may have been due to the effects of osmotically active substances other than sodium, which were not measured in our study. An important feature of the current study is that nephron filtration rate was not changed during the periods of perfusion with either the protein-free or hyperoncotic solutions. In some previous studies in which nephron filtration rate was not intentionally varied and measurements of this variable are reported, a decline occurred during capillary perfusion (Bank et al., 1972; Spitzer & Windhager, 1970) . In the presence of a fall in filtration rate occurring at the same time that the capillary circulation is being perfused, it may be difficult to predict precisely what physiological reabsorptive adjustment would OCCUT, and hence to what extent a change in reabsorption could be attributed to an experimental manoeuvre itself.
The unexpected finding that large changes in the protein content of peritubular perfusates had no measurable effect on the rate of removal of fluid from the tubular lumen led us to question whether or not in our hands this experimental design was capable of revealing the large changes in reabsorption that have been observed by others Spitzer & Windhager, 1970) . For this reason we performed the experiments in which acetazolamide was added to the capillary perfusate. Acetazolamide was selected only because it is a substance known to inhibit electrolyte r e absorption in the proximal tubule (Holzgreve, 1968) and therefore should provide an adequate test of the ability of the techniques to detect a fall in reabsorption. During perfusion of peritubular capillaries with the acetazolamide-containing solution proximal tubular reabsorption decreased by an average of 40;/.. This change was manifested by a fall in both fractional and absolute reabsorptive rates and was similar to the decreases in reabsorption reported for rat proximal tubules during saline loading (Falchuk et al., 1971; Landwehr, Klose & Giebisch, 1967) .
Since there was no detectable increase in the excretion of sodium and potassium by the experimental kidney it is concluded that the depression in reabsorption was a local consequence of the peritubular perfusion with acetazolamide and not a generalized renal effect due to recirculation of the agent. Thus the experimental techniques were capable of producing and detecting a fall in proximal tubular reabsorptive rate.
In summary, we have failed to confirm previous reports by others that large changes in the protein content of fluid perfusing peritubular capillaries in vivo result in parallel changes in the rate of reabsorption by adjacent proximal tubules Spitzer & Windhager, 1970) . It is possible that some unrecognized conditions of our experimental situation p r e cluded detection of changes in proximal tubular reabsorption; however, we were able to measure large decreases in proximal tubular reabsorption when the peritubular perfusate contained acetazolarnide. In the present study homologous plasma with adjusted concentrations of protein was used as the capillary perfusate and other variables such as the rate of peritubular perfusion of the tubular segment under study, possible contamination of collected tubular fluid and the existence of non-protein solute gradients between tubular fluid and perfusate were controlled or measured. On the basis of these observations we concluded that the apparent effects of increased plasma oncotic pressure to enhance tubular reabsorption and that of decreased plasma oncotic pressure to decrease tubular reabsorption do not occur to a large extent in the superficial proximal tubules. However, we would not suggest on the basis of these observations that the previously observed direct relationship between plasma protein concentration and whole kidney salt and water reabsorption is incorrect, but rather that these effects must occur largely in tubular segments distal to the superficial proximal tubular convolutions as suggested by Stein, Osgood, Boonjarern & Ferris (1973) .
